Introduction
Reports have appeared recently describing the isolation of photosystem II (PS II) particles that appear to be free o f contam ination with photo system I and the cytochrome b6/ f complex [1 -3 ] . In addition, the particles retain the ability to produce 0 2 at high rates. To date the particles have been used primarily in studies of the oxidizing side of photosystem II [1] [2] [3] [4] [5] . The present series o f experi ments was designed to determ ine how useful these particles could be in studies of acceptor and inhi bitor sites on the reducing side of PS II.
Materials and Methods
Thylakoids were isolated from either field-grown spinach or growth chamber-grown pea plants as described previously [6] , NaBr and H g2+ treatm ents of thylakoids were perform ed as previously de scribed [7, 8] . PS II particles were isolated from thylakoid membranes using Triton X-100 (T riton/ Chi = 15:1) as described by Berthold et al. [1] , In some preparations, the Triton solubilization step was performed at pH 6 and the particles were washed with resuspension medium (at pH 6) con taining 1 mM ascorbate [G. Babcock personal com munication], This procedure improved the electron transfer activity of the particles com pared to pre parations isolated at pH 7.5.
O? concentration changes were monitored polarographically [6] . Herbicide binding assays with particles and thylakoids were perform ed as de scribed elsewhere [9] . Fluorescence induction studies were performed using a lab-built kinetic fluorometer. Membrane polypeptides were sepa rated using SDS-PAGE as described elsewhere [10] . TMBZ staining was carried out as described by [11] . Quinones were recrystallized according to [12] ,
Results
Treatment of either spinach or pea thylakoids with Triton X-100 as described by Berthold et al. [1] yielded PS II particles that retained the ability to evolve oxygen at high rates even after a year of storage at -8 0°C . Analysis of the m em brane poly peptide composition by SDS-PAGE (Fig. 1) re vealed that the particles were missing the apo protein of CPi and the polypeptides associated with CF[ (when compared to NaBr particles). Staining for peroxidase activity [11] with TMBZ indicated the loss of a polypeptide of ~ 33 kD in particles compared to thylakoids that may be cytochrome / (data not shown).
The particles are not capable of reducing methyl viologen with either water or duroquinol as the electron donor, but they do reduce a wide variety of quinones (Table I) . pH profiles for DCBQ ( Fig. 2) and MDBQ ( Fig. 3 ) reduction in particles and un coupled thylakoids are comparable. Kinetic studies of electron transport m ade with both pea thylakoids and PS II particles in which light intensity and DCBQ concentration [13] were varied indicated little difference between particles and thylakoids (data not shown). The PS II particles also reduce the class III acceptor diam inodurene (assayed in the presence of excess ferricyanide) at rates that are comparable to those observed in uncoupled thyla koids in which the photosystem I com ponent of overall electron transfer has been blocked with DBMIB (Table II) . parable to those observed with uncoupled thyla koids (Table IV) . [14C]metribuzin binding studies made with both particles and thylakoids indicated that the particles bind approxim ately half the amount of metribuzin compared to thylakoids (Table IV) side of photosystem II, we resorted to the use of inhibitors that act on the reducing side of plastoquinone but whose site of action is not well ch arac terized. With particles at pH 6 we observed that the Hill reaction mediated by all quinones tested was sensitive to inhibition by 20|iM HQNO (Table VII) . In contrast at pH 8 electron transfer to MDBQ and DCDM BQ was largely insensitive to HQNO. DCBQ reduction at pH 6 was inhibited 83% by 10|iM DBMIB, whereas MDBQ reduction at pH 8 was inhibited only 39%. 10 um D N P-IN T inhibited both DCBQ reduction at pH 6 and MDBQ reduc tion at pH 8 to a very small extent ~ 15% (data not shown).
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Discussion
Employing data from this laboratory and from other laboratories [ (Table II) In addition to being useful in acceptor studies, the oxygen-evolving particles employed in this study should also prove valuable in PS II inhibitor studies, since their sensitivity to various inhibitors is comparable to that observed with native thylakoid membranes. PS II particles isolated using digitonin and octyl glucoside [28] do not evolve oxygen and thus electron transport studies can only be per formed with a limited number of artificial electron donor-acceptor combinations. The digitonin/octyl glucoside PS II particles also have greatly altered inhibitor sensitivities when com pared to untreated thylakoids.
